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PreviewsFurthermore, phosphorylation of mito-
chondrial precursor proteins in the cytosol
can modulate their import efficiency (Rao
et al., 2012). Phosphorylation has also
been implicated in the regulation of
mitochondria to nucleus signaling: e.g.,
during the retrograde response, cytosolic,
hyperphosphorylated Rtg3 is partially de-
phosphorylated and translocated to the
nucleus (Liu and Butow, 2006). Similarly,
stress signaling from the mitochondrial
intermembrane space causes phosphor-
ylation of AKT (Papa and Germain,
2011). Therefore, the increased export of
ClpP-generated peptides by HAF-1 or
further stressors might trigger the activa-
tion of cytosolic kinases or phosphatases
that regulate the capability of the import
machinery or that directly modulate
import competence of precursor proteins
like ATFS-1.
The mechanism of monitoring mito-
chondrial protein homeostasis by ATFS-
1 import is reminiscent of the targeting
and turnover of the kinase PINK1, a key
player in mitophagy. In healthy mitochon-
dria, PINK1 is also imported and rapidly
degraded. In contrast, depolarized mito-
chondria accumulate PINK1 at the outer
membrane, followed by recruitment of
the E3 ligase Parkin and mitophagy. Inter-236 Developmental Cell 23, August 14, 2012estingly, a dynamic interplay between
PINK1 and the TOM complex has been
proposed to regulate this pathway (Laz-
arou et al., 2012). While UPRmt activates
a protective response for the organelle,
mitophagy results in organelle elimination
when damage becomes too severe. So
far it is not clear whichmechanisms sense
the degree of mitochondrial dysfunction
that determines the decision to rescue or
eliminate the organelle, but the protein
import machinery may be involved as
well. A possible determinant could be
the membrane potential Dc, which
provides the main driving force for protein
import. A slight reduction of Dc could
trigger the ATFS-1 rescue response,
whereas a collapsed Dc leads to mitoph-
agy. A limited availability of mtHsp70,
which is required for protein import and
folding, could also compromise import
efficiency upon proteotoxic stress.
The discovery that mitochondrial func-
tion is assessed by mitochondrial import
efficiency of ATFS-1 raises the question
of whether other transcription factors are
also regulated by a dual targeting mecha-
nism. The identification of several nuclear
transcription factors in mitochondrial pro-
teomic studies provides further support
for this possibility. It remains to be seenª2012 Elsevier Inc.whether competition between mitochon-
drial and nuclear import of regulatory
proteins is a common mechanism used
to modulate nuclear gene transcription.REFERENCES
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Actomyosin rings are transient organelles that execute cytokinesis, morphogenesis, and wound healing. In
this issue of Developmental Cell, Burkel et al. (2012) call into question the assumption that such rings close
via sliding filament contractility and elegantly reveal flux of Rho family GTPases within these dynamic
structures.‘‘Contractile rings’’ are thought to
constrict through the activity of bipolar
filaments of myosin II, which slide antipar-
allel actin filaments in much the same way
that smooth muscle contracts. Diverse
perturbations of actin filaments prevent
the closure of contractile rings, and thusthe role of actin is considered to be indis-
putable. Decades of work on myosin em-
ploying interfering antibodies, genetic
ablations, depletions, and a specific
inhibitor support the conclusion that
myosin is essential for contractile ring
closure.But because all these approaches per-
turb myosin function by disrupting its
interaction with F-actin, these studies do
not discriminate among roles for myosin
as a motor, crosslinker, or bundler. Still,
by analogy to muscle, the ‘‘sliding fila-
ment hypothesis’’ prevails.
Figure 1. Feedback Exists among Rho Family GTPases and Their
Cytoskeletal Substrates
Left: Schematics illustrate the methodology of wounding Xenopus oocytes,
which can also be done with a laser. Right: Concentric zones of GTPase
enrichment and the distinct subpopulations of the actomyosin cytoskeleton
that underlie them are illustrated as separate quarter circles for clarity. The
robustness of cytoskeletal characteristics is illustrated as a gradient, decaying
outward from the inner margin zone of longest-lived GTPase activation. ‘‘GEF
[GAP’’ denotes greater activation of the GTPase, whether by local inhibition
of GAP or stimulation of GEF activity.
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PreviewsHowever, a debate has
arisen recently over the role
of myosin in the contractile
ring. A motor-impaired myo-
sin mutant that binds but
cannot slide F-actin can
rescue multinucleation in
myosin-depleted cultured
mammalian cells and in
myosin-deleted mouse car-
diac myocytes (Ma et al.,
2012). In budding yeast, the
F-actin binding motor head
of myosin is dispensable for
cytokinesis (Lord et al., 2005).
Furthermore, mathematical
modeling based on experi-
mental measurements of
budding yeast cytokinesis
predicts that the motor
activity of myosin II constrictsthe ring by depolymerizing actin rather
than by sliding actin filaments (Mendes
Pinto et al., 2012). In addition, cell-
substrate adhesions can compensate
for the lack of myosin in cytokinesis in
some mammalian cultured cells and in
Dictyostelium amoebae (Kanada et al.,
2005; Neujahr et al., 1997). Therefore,
across phylogeny, myosin’s contribu-
tions to and requirements in cytokinesis
appear to extend beyond its motor
activity.
In the current issue of Developmental
Cell, Burkel and colleagues (2012) use
cellular wound healing as a model for
actomyosin ring closure. When Xenopus
oocytes are punctured, exocytosis
quickly repairs the membrane. Then an
actomyosin contractile ring, controlled
by concentric zones of the small GTPases
Rho and Cdc42, forms and closes to heal
the cortical cytoskeleton. Burkel et al.
now show that this ring can close, albeit
more slowly, when myosin motor activity
is inhibited directly or indirectly. What,
then, produces the force needed to close
the wound?
Several theoretical models suggest that
nonmotor actin crosslinkers (whether
end-tracking or not), together with actin
depolymerization, can suffice for filament
sliding and thus ring constriction (Mendes
Pinto et al., 2012; Zumdieck et al., 2007).
Myosin itself may contribute to such
crosslinking; this activity may explain
how motor-impaired myosin suffices for
cytokinesis (Ma et al., 2012). When
myosin-actin interaction is blocked byBlebbistatin or by genetic inactivation,
other crosslinkers (including Anillin) could
fulfill this role. The inhibition of ring closure
by the F-actin stabilizer Jasplakinolide
(Burkel et al., 2012) supports the idea
that this mechanism requires actin depo-
lymerization (Mendes Pinto et al., 2012;
Zumdieck et al., 2007). Such an alterna-
tive sliding-filament mechanism should
still pull the flanking cortex inward with
the closing ring, generating cortical flow.
However, this flow is slowed or absent
during myosin-inhibited wound ring
closure (Burkel et al., 2012). Therefore,
either the inner ring must be mechanically
uncoupled from the flanking cortex or
material is added between the leading
edge and the cortex surrounding the
wound. There are at least two candidate
sources of such addition. For one, F-actin
polymerization in the Cdc42 zone could
drive the stable actin ring-containing
Rho zone forward. Second, the wound
could be closed by directed membrane
deposition, either at the leading edge or
behind it. Propulsion by F-actin or by
membrane addition could explain the
uneven perimeter of the leading edge
(Burkel et al., 2012).
Do any of these ‘‘alternative’’ ring
closure mechanisms act in unperturbed
cells? Inhibition of the actin-severing
protein cofilin may further support the
idea that depolymerization-coupled fila-
ment sliding occurs, and removal of
another crosslinker could reveal its redun-
dancy with myosin during this process.
Treatment with the Arp2/3 inhibitorDevelopmental Cell 23, August 14,CK666 (Nolen et al., 2009) or
abrogation of vesicle fusion
may also further slow ring
closure when combined with
myosin inhibition.
Whatever themechanismof
contraction-independent ring
closure, the authors propose
that it depends on localized
activation of Rho family
GTPases, which remain in
place following myosin inhibi-
tion. Like other actomyosin
rings, wound healing rings
are circumscribed by a zone
of active (GTP-bound) Rho,
and a larger concentric zone
of active Cdc42 is unique
to wound rings (Figure 1).
GTPase activation is generally
thought to be spatially andtemporally separated from inactivation.
However, concurrent requirement of
guanine nucleotide exchange factors
(GEFs) and GTPase activating proteins
(GAPs) for the same process (for example,
see Miller and Bement, 2009) supports
the concept that for effective signal-
ing GTPases must cycle continuously
between active and inactive states.
Without defining all specific contributing
GEFs and GAPs, Burkel et al. generally
defined GEF and GAP activity. To do so,
they used photoactivatable probes
specific for the GTP-bound forms of Rho
and Cdc42. GTP-bound forms bind the
probe and the plasma membrane and are
thus long-lived at the cortex. GTP hydro-
lysis leads to dissociation of the Rho
protein from the probe and from the
membrane. Burkel et al. present evidence
that both Rho and Cdc42 ‘‘flux’’ through
their GTPase cycle within their zones and
that these rings are polarized, with
a more persistent active state at their
leading (inner) edges (Burkel et al., 2012).
The polarized flux of Rho family
GTPases likely requires coordinated
localization and activation of both GEFs
and GAPs. Interestingly, Burkel et al.
report that the actomyosin cytoskeleton
feeds back on Rho protein regulation
(Figure 1). Specifically, actin assembly
promotes the dominance of GEF activity
at the front of both zones, thus comprising
positive feedback. The results suggest
that the GTPase zones are also shaped
by negative feedback: actin depolymer-
ization (possibly caused by contractility2012 ª2012 Elsevier Inc. 237
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Previewsand more prominent distal from the
wound) may allow GAP activity to prevail
in the trailing edges of the rings. How do
these GTPase zones know front from
back? Their polarity reminded Burkel
et al. of dynamic microtubule and actin
polymers (Burkel et al., 2012). Whereas
nucleotide hydrolysis provides the
‘‘clock’’ for polarized differences in the
polymer, a more complex set of cues
may encode spatial information in the
GTPase rings. For example, the abun-
dance of F-actin ends or branch points
may dictate GEF or GAP binding or acti-
vation. Sliding filament contractility may
bend or break actin, altering its ability to
serve as a platform for regulators.
Although fascinating and important in its
own right, the cellular wound system is
indeed relevant to understanding cytoki-
nesis. We are eager to see whether the238 Developmental Cell 23, August 14, 2012phenomena brought to light by Burkel
et al. act in cytokinesis. The contributions
of alternative ring closure mechanisms
may vary with cell size, division speed, or
cellular environment. GTPase flux is prob-
ably important for the highly labile nature
of contractile ring Rho zones, including
the cytokinetic furrow, which can track
the displacement of the signal eliciting their
localization (Bement et al., 2005). The
crosstalk among GTPases and the cyto-
skeleton will undoubtedly continue to be
an exciting field.REFERENCES
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